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(Q]\PHV DOVR DUH V\QWKHWL]HGE\3*35DQG DUH LQYROYHG LQERWKSODQW QXWULWLRQ DQGELRFRQWURO7KHPRVW DFWLYH
HQ]\PHVLQVRLOLQFOXGHSURWHDVHXUHDVHSHFWLQDVHFHOOXODVHHK\GURJHQDVH&DWDODVHDP\ODVHDQGSKRVSKDWDVH>@
+RZHYHU IHZ VWXGLHV DERXW HQ]\PHVSURGXFHGE\3*35HVSHFLDOO\ DP\ODVHV ,Q WKLV FRQWH[W DP\ODVHSURGXFLQJ
UKL]RVSKHULF EDFWHULD ZHUH LVRODWHG IURP VHYHQ GLIIHUHQW SODQWV LH 3KRHQL[ GDFW\OLIHUD &HUDWRQLD VLOLTXD /










3ODQWFRPPRQQDPH 6FLHQWLILFQDPH &RGH 6DPSOLQJGDWH 6DPSOLQJDUHD








3LVWDFKLR 3LVWDFLDOHQWLVFXV/ 3LVO  6WUHHWLQ%LU(O'MLU2UDQ
$UJDQWUHH $UJDQLD6SLQRVD/ $UJ6  8QLYHUVLW\RI6FLHQFHDQG
7HFKQRORJ\RI2UDQ86720%






















2QHKXQGUHGPLFUROLWHURI VRLO VXSHUQDWDQWZDV VSUHDGRQVWDUFKDJDUPHGLXP WKHQ LQFXEDWHGDW& IRU IRXU




7KH EHVW DP\ODVH SURGXFHU LVRODWHV IURP HDFK SODQW UKL]RVSKHUH ZHUH VXEMHFWHG WR DP\ODVH SURGXFWLRQ DQG
DFWLYLW\UHYHODWLRQ,QWXEHVFRQWDLQLQJPORIVWDUFKFRORQLHVRIHDFKEDFWHULDOVDPSOHZHUHLQRFXODWHG$IWHU









LQFXEDWLRQ WLPH RQ WRWDO YLDEOH FRXQW RI UKL]RVSKHULF EDFWHULD 5KL]RVSKHUHV WKDW VKRZHG WKH KLJKHVW EDFWHULDO
GLYHUVLW\ZHUHWKRVHRI$UJ6DQG&HU6\RXQJZKLOHEDFWHULDLVRODWHGIURP)&DUDQG2)LQGVKRZHGWKHKLJKHVW
FRORQ\QXPEHU7KHREWDLQHG UHVXOWV SURYH WKDW WKHUH LV D FOHDU GLIIHUHQFH LQ WKH WRWDO UKL]RVSKHULFEDFWHULDO IORUD
DVVRFLDWHGZLWKHDFKRIWKHVWXGLHGSODQWV$SURSRUWLRQDOUHODWLRQVKLSEHWZHHQWKHLQFXEDWLRQWLPHDQGWKHJURZWK
RIWKHEDFWHULDZDVDOVRQRWLFHG
7KH GLIIHUHQFH LQ WRWDO EDFWHULDO GLYHUVLW\ EHWZHHQ WKH SODQWV UKL]RVSKHUHV LV GXH WR WKH IDFW WKDW WKDW DOO
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5HVXOWVRIPDFURVFRSLFREVHUYDWLRQRI WKH LVRODWHGEDFWHULDDUH VKRZHG LQ7DEOH&RQFHUQLQJ WKHSKHQRW\SLF
GLYHUVLW\LWZDVSUHVHQWHGLQWKHIROORZLQJGHVFHQGLQJRUGHU3LVOޓ$UJ6ޓ3KGDޓ*OREOޓ)FDUޓ)LQGޓ&HU6M
$QHOHYDWHGPLFURELDOGLYHUVLW\FRQFHUQLQJ WKH VKDSHDQG WKHFRORXURQQXWULHQWDJDUPHGLXPZDVREVHUYHG7KH
SUHVHQFH RI DFWLQREDFWHULD LV PHQWLRQHG E\ >@ ZKR LVRODWHG DQG DFWLQREDFWHULD IURP WKH $JUDQ UKL]RVSKHUH
$FWLQREDFWHULDHVSHFLDOO\ WKRVHEHORQJLQJ WR WKHJHQXV6WUHSWRP\FHWHDUHVDSURSK\WLFEDFWHULDNQRZQ WRGHJUDGH
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WKHRUJDQLFPDWWHUSUHVHQWLQVRLOLHOLJQRFHOOXORVHVWDUFKDQGFKLWLQ>@7KHSUHVHQFHRIWKHRUJDQLFPDWWHUDVZHOO
DVWKHURRWH[XGDWHVFDQDOVRLQIOXHQFHWKHPLFURELDOSRSXODWLRQRIWKHVRLO>@
7KH LQFXEDWLRQ WLPH DOVR SOD\V D GHWHUPLQDQW UROH LQ EDFWHULD IORUD JURZWK DQG GLYHUVLW\ ,Q IDFW DIWHU K





7KH UHVXOWVRIDP\ORO\WLF UKL]RVSKHULFEDFWHULD VFUHHQLQJRQVWDUFK$JDUDUH VKRZHG LQ)LJ7KHDP\ORO\WLF
LVRODWHVDSSHDUHGVXUURXQGHGE\DFOHDUKDORRIGLIIHUHQWGLDPHWHUIROORZLQJWKHLVRODWHDP\ODVHDFWLYLW\7KHEHVW
DP\ORO\WLF LVRODWHV ZHUH LVRODWHG DQG SXULILHG E\ VWUHDNLQJ RQ QXWULHQW DJDU SODWHV WKHQ WKH\ ZHUH LQRFXODWHG RQ
VWDUFK DJDU SODWHV 7KH PLFURVFRSLF DVSHFW RI WKHVH LVRODWHV ZDV H[DPLQHG DIWHU *UDP FRORUDWLRQ )LJ  7KH
QXPEHURIFRORQLHVVKRZLQJDP\ODVHDFWLYLW\ZDVFRXQWHGDQGWKHDP\ODVHVSHFLILFDFWLYLW\RIWKHEHVWFRORQLHVZDV
FDOFXODWHGDQGVKRZHGLQ7DEOH
7KH VWXG\ RI WKH DP\ORO\WLF EDFWHULD UHYHDOHG WKDW UKL]RVSKHULF EDFWHULD LVVXHG IURP2)LQG&HU6 DJHG*OREO
ZHUH WKH PRVW QXPHURXV &RQFHUQLQJ WKH KLJKHVW VSHFLILF DFWLYLWLHV WKH\ ZHUH QRWLFHG ZLWK LVRODWHV IURP &HU6
\RXQJ)FDU$UJ6UKL]RVSKHUHV








7KH VWXG\RI WKHDP\ORO\WLF EDFWHULD UHYHDOHG WKDW UKL]RVSKHULFEDFWHULD LVVXHG IURP2)LQG &HU6DJHG*OREO
ZHUH WKH PRVW QXPHURXV &RQFHUQLQJ WKH KLJKHVW VSHFLILF DFWLYLWLHV WKH\ ZHUH QRWLFHG ZLWK LVRODWHV IURP &HU6
\RXQJ)FDU$UJ6UKL]RVSKHUHV











7KH &UXGH HQ]\PH H[WUDFWV REWDLQHG DIWHU SURGXFWLRQ SUHVHQWHG DQ DP\ODVH DFWLYLW\ WUDQVODWHG E\ FOHDU ]RQHV
DURXQG WKH ZHOOV 7KH DSSHDUDQFH RI WKH FOHDU KDOR FRQILUPV WKH SUHVHQFH RI DQ DFWLYDWHG DP\ODVH LQ WKH FUXGH
SURGXFHGVXSHUQDWDQW$P\ODVHDFWLYLW\RQOLTXLGPHGLXPVKRZHGWKHVDPHLQFUHDVLQJDFWLYLW\RUGHUWKDQZHOOFXW
GLIIXVLRQPHWKRGLH2)LQG&HU6DJHG&HU6\RXQJ)FDU*OREO3KGD3LVO$UJ6


















ZHUH WKRVH LVRODWHG IURP SODQW UKL]RVSKHUHV WKDW JURZ LQ DULG UHJLRQV ,QGHHG EDFWHULDO VWUDLQV RI $UJ6 DQG 3LVO

















































































7KH REWDLQHG UHVXOWV DUH HQFRXUDJLQJ DQG SURYLGHG SUHFLRXV GDWD DERXW WKH GLYHUVLW\ RI UKL]RVSKHULF EDFWHULDO
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